A method is described for autoclaving low levels of solid infectious, radioactive waste. The method permits steam penetration to inactivate biologic waste, while any volatile radioactive compounds generated during the autoclave process are absorbed. Inactivation of radiolabeled infectious waste has been problematic because the usual sterilization techniques result in unacceptable radiation handling practices. If autoclaved under the usual conditions, there exists a high probability of volatilization or release of radioisotopes from the waste. This results in the radioactive contamination of the autoclave and the laboratory area where steam is released from the autoclave. Our results provide a practical method to inactivate and dispose of infectious radioactive waste. For our research, Bacillus pumilus spore strips and vaccinia virus were used as more heat-resistant surrogates of the human immunodeficiency virus (HIV). These surrogates were used because HIV is difficult to grow under most conditions and is less heat tolerant than the surrogates. In addition, B. pumilus has defined cell death values, whereas such values have not been established for HIV. Both B. pumilus and vaccinia virus are less hazardous to work with. The autoclave method is time efficient and can be performed by laboratory personnel with minimal handling of the waste. Furthermore, waste site handlers are able to visually inspect the solid waste containers and ascertain that inactivation procedures have been implemented.
As many as 365,000 cases of acquired immunodeficiency syndrome are expected in the United States by 1992 (6) . Many more people will harbor the virus, and concentrated research efforts will continue to be directed towards preventing the spread of infection and the development of disease in infected individuals.
The etiologic agent of the acquired immunodeficiency syndrome is the human immunodeficiency virus (HIV), previously designated as human T-lymphotropic virus type III or lymphadenopathy-associated virus (2, 4) . Cumulative epidemiologic data indicate that HIV is transmitted almost exclusively by blood or blood products in vivo or via sexual excretions (7) .
HIV can also be transmitted in laboratory research settings, even in the absence of accidental needle sticks (13) . Probing the mechanisms of HIV infection, replication analysis, vaccine research, and the development of effective HIV treatment often require the use of radioactive tracers.
A management program for mixed infectious and radioactive waste must assure complete inactivation of HIV before disposal as radioactive waste. Infectious material is inactivated by one of several techniques. These include chemical and physical inactivation methods such as heat and steam penetration. The technique used to inactivate the infectious radioactive waste is determined by the physical form of the waste. The proposed technique is for solid waste only.
Radioactive waste disposal personnel are not trained to handle infectious organisms, and they are often socially resistant to accepting this additional type of risk. For social, health, and regulatory reasons, it is crucial then that any infectious radioactive material first be biologically inactivated.
In addition, waste handlers must be able to visually Table 2 were subjected to 10 trials each. All wipe test results and air sample analyses indicated that no radioactive contamination (<25 dpm/100 cm2 [MDA]) was released from the waste bag.
These results were further validated by a primary air filter analysis of the charcoal filter system. In tests with the same isotopes at the same activities subjected to two trials each, no volatile compounds (<MDA) were detected on the glass wool fiber and charcoal filter placed adjacent to the air outlet of the charcoal filter drying tube. The polyethylene portion of the charcoal filter softened because of high temperatures. Indentations on the filter from the tight seal of the polypropylene bags were evident. At no time did the filter soften enough to become porous to volatile radionuclides.
Inactivation of HIV was assured by the sterilization of the surrogate B. pumilus spore strips. No B. pumilus growth was observed on all three sets of spore strips in the radioactive waste bag or in the nonradioactive waste bag following the Ethylene oxide sterilization requires the use of a sterilizing unit. These units are more expensive and not as readily available as autoclaves. In most cases, infectious, radioactive waste must be transported from the BL3 containment facility to a separate facility where the sterilizing unit is contained.
The National Institute for Occupational Safety and Health (NIOSH) has recommended that ethylene oxide be treated as a potential human carcinogen. The toxicologically important routes of entry include inhalation, ingestion, and skin and eye contact. The NIOSH recommended exposure limit is extremely low, at <0.1 ppm for an 8-h time-weighted average.
Similarly, formaldehyde sterilization requires additional transportation, handling, and processing of the waste. NIOSH has also recommended that formaldehyde be treated as a potential human carcinogen, with the important routes of entry being ingestion and skin and eye contact. The NIOSH recommended exposure limit is only 0.1 ppm with a 15-min exposure ceiling.
Increased handling and transportation pose an increased health and radioactive contamination risk. In addition, the worker processing this waste is exposed to infectious, radioactive, and carcinogenic agents.
In contrast, the proposed charcoal filtration system is simple, noncarcinogenic, and ecologically sound. Waste may be treated directly in the BL3 facility, thus minimizing transportation and handling.
Heat inactivation of HIV is difficult to study, largely because the organism is so fragile. It was initially reported that the titer of virus dropped from 10 5.15 to an undetectable (<101) level within 10 min at 56°C (10) . A more recent study reports that, even after rigorous heating conditions (54 to 56°C), infectious virus was detected after 3 h of exposure at this temperature (12) . Different activity detection techniques, such as assays of reverse transcriptase versus infectivity levels, yielded different heat inactivation times (12) .
Resnick et al. (12) caution that the rate of HIV inactivation observed, about 1 log 50% tissue culture infective dose per 20 min at 54 to 56°C, is much slower than that previously reported by Martin et al. (10) .
The minimum time required for a 1-log reduction (D value) of HIV has not been experimentally determined for a temperature of 121°C. However, by using previously reported thermal death times at 56 and 60°C (5, 9. 12 As with any safe radiation work practice, it should not be assumed that all efforts to contain volatile radioactive material will always work. Low levels of radioactivity were studied; the effectiveness of this method with higher levels of radioactivity remains to be seen. The autoclave and autoclave tub should be monitored on a routine basis to ensure that no radioactive contamination is present. Accompanying this method. we present several levels of assurance that the radioactive materials will be contained, provided only that the integrity of the system is maintained.
The emergence of HIV has prompted widespread fear of medical, veterinary, and biologic research wastes. The appearance of biologic waste in public places, such as beaches, is invariably followed by considerable emotion and additional pressure for regulation (8) . These water is added to the waste bag. The charcoal filter drying tube is secured at the opening of the bag by autoclavable rubber bands or autoclave tape.
A Diack control is taped to the outside of the double bag system. The waste bag is then placed in an autoclavable tub and autoclaved for 30 min. After the autoclave cycle is complete, the waste bag is removed. Both the Diack control and the autoclave tape are then visually inspected.
Both controls are means of indicating that inactivation has occurred on the basis of the results of this study. The waste card belonging to a specific bag is then initialled, and the waste bag is placed in the appropriate radioactive waste container.
In accordance with good radiation safety practice, wipe tests of the autoclave should be conducted after each run.
